Phosphonium Salt Hydrolysis, Ring Expansion, Dibenzo [b,d]phosphorins
In recent years, the chemistry of the dibenzophosphole system has received considerable attention. Interest has centered around both the reactivity of the parent dibenzophospholes and that of the related quaternary phosphonium salts. In the case of the former, there has been much discussion of the extent to which the lone pair at phosphorus is delocalised over the essentially planar dibenzophosphole system [2] [3] [4] [5] , whereas for the latter the effects of bond angle strain at phosphorus on the rate and course of alkaline hydrolysis and the decomposition of related phosphonium betaines have been investigated [2, 5, [6] [7] [8] [9] [10] [11] . Following our observations that certain heteroaryl groups e.g. 2-thienyl, act as markedly electron-withdrawing substituents when attached to phosphorus, having a significant effect on the rate and course of reactions [12] , we thought it of some interest to investigate the effects of a 2-thienyl substituent on the reactivity of the phosphorus atom in the dibenzophosphole system, and now report some reactions of 5-(2-thienyl)dibenzophosphole (1) and the related salts (2, R = Me, PhCH2 and CH2I; X = I or Br).
The dibenzophosphole (1) at the iodine of the iodomethyl group to form an ylide + -of the type RsP-CH2, which would then abstract a proton from the diodomethane present in the reaction mixture to form the methylphosphonium salt. The desired iodomethyl salt (2, R = CH2I, X = I) was, however, formed in good yield simply ^by allowing the phosphine to stand in an excess of diiodomethane in the cold over a period of several days. The salt crystallised from the reaction mixture. X H NMR spectroscopy of the product showed + the characteristic doublet due to the P-CH2I unit with that of the related acyclic phosphine diphenyl-(2-thienyl)phosphine [15] shows that the position of the bands in the spectrum of the former are at higher energies than those in the spectrum of the latter (Table) , indicating that the dibenzophosphole
(1) appears to be a better donor towards the metal ion than the acyclic phosphine. A similar difference has been noted in the spectra of the nickel(II) bromide complexes of 5-phenylbenzopliosphole and triphenylphosphine, the dibenzophosphole again appearing to be the better donor [4] . It is likely that the above differences in donor power are due to the difference in steric bulk of the ligands, the dibenzophosphole phosphorus being able to approach closer to the metal than that of the acyclic phosphines, due to the linking together of two of the benzene rings.
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We have also studied the course of alkaline hydrolysis of the above phosphonium salts. In to give e.g. 7 would then allow departure of the 2-thienyl group from an apical position.
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The course of this reaction will doubtless also be influenced by the apicophilicity of the 2-thienyl group. Although as yet little information is available on the relative apicophilicities of phenyl and heteroaryl groups, preliminary work [16] has shown that the 2-furyl group is considerably more apicophilic than phenyl. A similar conclusion would seem likely for 2-thienyl. . rv
It is of interest that in the hydrolysis of the salt (10, R = 2-thienyl) the 2-thienyl group is not lost from phosphorus. Ring-expansion is obviously preferred to a pathwy involving a pseudorotation to place the 2-thienyl group in an apical position from which it could leave or migrate to adjacent carbon, as has been observed in the related reaction of diphenyl(2-thienyl)phosphine with ethyl propiolate and water [17] . The UV spectrum of the product from 5-(2-thienyl)dibenzophosphole shows the very characteristic absorptions of the ring-expanded system (9), thus ruling out the alternative structure (12), which would have been expected to have the characteristic spectrum of a dibenzophosphole oxide.
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It is of interest to recall that alkaline hydrolysis of the related iodomethyl salt of 5-phenyldibenzophosphole gave predominantly the ring-expanded oxide (8, R = Ph); only a trace of 5-phenyldibenzophosphole oxide was obtained [6] . The complexity of the above reaction is no doubt attributable to the greater leaving group ability of the 2-thienyl group compared to phenyl.
Ring expansion to give 9 was, however, achieved in good yield in the reaction of the phosphole (1) with ethyl propiolate and water in THF solution, a reaction which also gives high yields of ringexpanded systems derived from 5-methyl, 5-phenyland 5-benzyldibenzophospholes [8] . Such reactions are believed to proceed via the initial formation of vinylphosphonium salts (10) , which then undergo
Experimental
Operations involving tertiary phosphines or organolithium reagents were conducted under nitrogen. *H NMR spectra were recorded at 60 MHz using a Jeol spectrometer. Mass spectra were recorded at 70 eV using an AEI MS 30 instrument. Preparative tic separations were carried out using 20 X 20 cm plates coated with a 1 mm thickness of Kieselgel HF 256. After several developments with hexane-ethyl acetate (1:1 v/v), individual bands were extracted with ethanol.
5-(2-Thienyl)dibenzophosphole and its derivatives
To a stirred solution of 2,2'-dilithiobiphenyl (prepared from 2,2'-diiodobiphenyl (10.15 g) and lithium (1.5 g, excess)) in ether (150 cm 3 ) was added a solution of 2-thienylphosphonous dichloride (4.55g) in benzene (50 cm 3 ), the reaction mixture being cooled in ice during the addition. The reaction mixture was then heated under reflux for 30 min, before being cooled and hydrolysed with aqueous ammonium chloride solution (10% w/v, 100 cm 3 ). The organic layer was separated, dried over anhydrous sodium sulphate, and evaporated. The residue was fractionated under reduced pressure to give the phosphole as a viscous yellow oil (4.15 g, (63%), b.p. 180 °C at 0.33 mm Hg), which was characterised by conversion to the following derivatives :
(a) Treatment with an excess of iodomethane gave
5-methyl-5-(2-thienyl)dibenzophospholium
iodide ( (e) To a solution of nickel(II) bromide (28 mg) in ethanol (0.5 cm 3 ) was added a hot solution of the phosphole (60 mg, > 2 mol) in glacial acetic acid (2 cm 3 ), to give a deep brown solution from which separated dark brown crystals of the complex, dibromobis [5-( 2-thienyl ) 
Hydrolysis of phosphonium salts
(a) 5-Methyl-5-( 2-thienyl jdibenzophospholium iodide (2, R = Me, X = I). The salt (35 mg) was dissolved in ethanol (1 cm 3 ) and treated with sodium hydroxide solution (2 mol. dm -3 ; 1cm 3 ) and the solution allowed to stand at room temperature for 24 h. Glc analysis of the resulting solution indicated the presence of thiophen. The solution was then poured into an excess of dilute hydrochloric acid and the product extracted into chloroform solution. After drying over anhydrous sodium sulphate, the chloroform was evaporated to give 5-methyldibenzophosphole oxide (3, R = Me) as the sole phosphorus-containing product, identical with an authentic sample [6] . The UV spectrum of the mixture in ethanol also resembled the spectra of the latter compounds [6] . 
Reaction of 5-(2-thienyl
